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IN THE SPECIFICATION 



Please amend page 1 by inserting the following heading between the title of the 
invention and the first paragraph: 

"FIELD OF THE INVENTION" 



Please amend page 1 by inserting the following heading between the first and second 

paragraphs: 

"BACKGROUND OF THE INVENTION" 

30 

Please amend page 3 by inserting the following heading on line 3t 
"BRIEF SUMMARY OF THE INVENTION" 

15 1 
Please amend page Tby inserting the following heading on line 88? 

"BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred features of the present invention..." 

15 

Please amend page 9" by inserting the following heading on line 1 1 : 
"DETAILED DESCRIPTION OF THE INVENTION 
In the present invention, one can achieve. . ." 

20 

Please amend page i^by inserting the following language between the "CLAIMS" 
heading and claim 1 : 

"I/We claim:" 



Please amend page 3 by inserting the following text on line 8: 

" Wet potentiometric titration procedures and cyclic voltammetry are frequently used 
to monitor the levels of known contaminant species in solutions. All of these processes take 
place in the liquid phase and use reversible electrode processes, mostly using water as the 
major constituent of the solvent and use electrons to directly effect oxidation/reduction. Gas 
phase electrochemistry is confined to the areas of electrochemical sensors, both potentiometric 
and amperometric. and solid oxide fixel cells neither of which use any kind of titration 
reaction. 
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It will therefore be appreciated that, in contrast to the wet titrametric procedures of the prior 
art, the sensor of the present invention facilitates the titrametric determination of trace organic 
contaminants in the gaseous phase using a solid state electrolyte. " 

Please amend pages 7-8 by deleting the text on page 7 lines 6-32 through page 8 lines 
1-23 as follows: 

" In the abs e nc e of organic contaminants, at t e mp e ratur e Tt ^ and conotant e l e ctrical 
curr e nt Ip, th e pot e ntial differ e nc e across th e c e ll, V e , is constant and i s d e t e rmin e d by the 
oquilibriimi b e tw ee n th e flux of oxygen anions (O^) arriving at th e e l e ctrod e surfac e and th e 
rat e of d e sorption of oxyg e n gas (Oa ^g )) from th e e l e ctrod e surfaoo according to equations 1 
and 2 abov e . 

How e v e r, wh e n oarbonac e ous d e posits ar e pr e s e nt on th e e l e ctrod e surfac e th e y ar e oxidis e d 
(combust e d) to carbon dioxid e by th e flux of oxyg e n anions arriving at th e e l e ctrod e surfac e . 
This ha s th e e ff e ct of r e ducing th e e quilibrium conc e ntration of oxyg e n anions (O^) at th e 
surfac e , which m e ans that, in accordanc e with equation 3 above, th e pot e ntial across the c e ll, 
Vtit , i s incr e as e d r e lativ e to V q - Wh e n th e curr e nt I p i s appH e d to th e c e ll, oxyg e n anions ar e 
forc e d to flow from th e r e f e r e nc e e l e ctrod e to th e m e asur e ment e lectrod e where thoy r e act 
with th e carbonac e ous d e posits form e d at th e surfac e th e r e of during the adsorption phas e , 
which r e sults in th e formation of carbon dioxid e . As th e oarbonao e ous d e posits or e 
transform e d into carbon dioxid e th e ir conc e ntration progr e ssiv e ly d e cr e as e s to z e ro at th e 
surfac e of the m e asurem e nt e l e ctrode and th e conc e ntration of oxyg e n at th e surfac e of th e 
m e aauromont olootrodo will inoroaso to th e constant oquilibrium valuo dotormined by th e flux 
of oxyg e n anions to th e e l e ctrod e . Th e pot e ntial diff e r e nc e across th e c e ll then r e turn s to th e 
constant valu e , Ve, and provid e s an indication that all th e carbonac e ous deposits on th e 
surfac e of th e e l e ctrod e s hav e b ee n r e mov e d. 

Th e total amount of carbonac e ou s d e posit formed at th e surfac e of the m e asur e m e nt e l e ctrod e 
can b e d e t e rmined by measuring the total amount of oxyg e n tran s port e d to th e m e asur e m e nt 
oloctrodo by th e application of current Ip (which is r e quired to oxidise all of the carbonaceous 
d e posits) over th e tim e tp talc e n for th e pot e ntial diff e r e nc e acros s th e c e ll to r e turn from V tu-te 
V e- Sinc e th e transport of e ach oxyg e n anion to th e surface of th e m e asur e m e nt e l e ctrode 
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r e quir e s tho passag e of two units of charg e , th e total quantity of oxyg e n atoms transport e d to 
th e surface of th e e l e ctrod e is d e t e rmin e d by th e t e rm: 



Sinc e e ach atom of carbon d e posit e d at th e surfac e of th e e l e ctrod e r e quiroa two oxyg e n atoms 
for compl e t e combustion, the total amount of carbon atoms oxidis e d dviring th e titration phase 
and h e nc e d e posit e d at th e e lectrod e during th e a 



Equation 8 



It will b e appr e ciat e d that by controlling the time ov e r which adsorption of th e organic 
contaminants can occur on th e surfac e of the m e asur e m e nt e l e ctrod e , th e valu e of th e curr e nt 
i p flowing b e tw ee n th e r e f e r e nc e and m e asurem e nt e l e ctrod e s at temp e ratur e and th e tim e 
t p tolc e n for th e pot e ntial diff e r e nc e across th e c e ll to drop from Vt i t to Ve, it is possibl e to 
titramotrioally monitor th e lev e ls of organic contaminants in the proc e ss e nvironm e nt in th e 
parts p e r trillion (ppt) range or l e s s . Th o s ensor thoroforo provides a low cost alt e rnativ e to the 
us e of mass sp e ctrom e try and gas chromatography in th e d e t e rmination of low l e v e ls of 
organic impuriti e s in proc e ss environm e nts. " 



Please amend pages 9-14 by deleting the text on page 9 lines 1-24 and 29-30, page 10 
lines 1-5, 10-11, 13-17 and 19-32, page 11 lines 1-32, page 12 lines 1-32, page 13 lines 1-32, 
and page 14 lines 1-4 as follows: 

"Th e sensor is also e asy to us e and can bo used at tho point of use as w e ll as th e point 
of e ntry to provid e accurat e information about th e proc e ss e nviroimi e nts at all stages of th e 
s e miconductor fabrication proc e ss. 

Th e total l e v e l of contaminants m e asur e d by th e sensor can provid e a semi quantitativ e 
indication of the l e v e l of harmful organic contaminants pr e sent in th e proc e ss e nvironm e nt. 
Tho non contaminating light organic molcculos pr e s e nt in th e procoss environm e nt do not 
stick to th e surfac e of the m e asur e m e nt oloctrodo and are not thoroforo measured. It is only th e 
harmful organic contaminants, which hav e a high r e action probability with tho olcctrodo 
surfac e (and th e r e for e with oth e r surfaces e ncount e r e d in th e fabrication proc e ss) that und e rgo 
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dissooiation ond oro thorofore subs e quently oxidis e d at th e m e asurem e nt e l e ctrode surfac e that 
ar e det e ct e d and th e r e for e monitor e d by th e m < 



Car e ful choic e of th e mat e rial appli e d to th e m e asur e ment e l e ctrod e or th e mat e rial from 
which it i s formed will caus e som e of th e harmful organic contaminants to adsorb onto th e 
surface of the measurement electrode in pr e fer e nc e to oth e rs. Pr e f e rably th e m e asur e m e nt 
e l e ctrod e is form e d from material whoso uptolc e of organic material proce e ds with a sticldng 
probability of or about unity. In addition, th e organic mat e rial is pr e f e rably e ffici e ntly 
adsorb e d and oraok e d by the e l e ctrod e material. Furth e rmor e , th e m e asurement e lectrod e is 
suitably abl e to catalys e th e dehydrog e nation and oraolcing of organic contaminants. Suitable 
electrode materials include metals selected from the group comprising rhenium, osmium, 
iridium, ruthenium, rhodium, platinum and palladium and alloys thereof. Alloys of the 
aforementioned materials with silver, gold and copper may also be used. 

Th e s e nsor is e asily and r e adily manufactur e d using t e chniqu e s Icnown to a p e rson slcill e d in 
th e art. Sensing, reference and optionally counter electrodes can be applied to a thimble of an 
oxygen anion conductor solid state electrolyte such as ytttria stabilised zirconia either in the 
form of an ink or a paint or using techniques such as sputtering. Th e se n s ing e l e ctrod e is 
isolat e d from th e r e f e r e nc e and optional count e r e l e ctrod e via th e formation of a gas tight se a l? 
Th e sensor is suitably suppli e d with h e at e r m e ans to control th e t e mp e rature of th e e l e ctrolyt e 
and means to monitor th e voltago botwoon the sensing olootrod e and th e r e f e r e nc e and coimt e r 
el e ofrod es r e sp e ctiv e ly. 

The reference electrode is suitably formed from a material that is able to catalyse the 
dissociation of oxygen in the reference environment, for example platinum. The reference 
environment can be derived from a gaseous or solid-state source of oxygen. Typically 
atmosph e ric air i s us e d as a gas e ous r e f e r e nc e sourc e of oxygon although other goa 
compositions can b e used. Solid-state sources of oxygen typically comprise of a metal/metal 
oxide couple such as Cu/CuaO and Pd/PdO or a metal oxide/metal oxide couple such as 
CU2O/CUO. Th e particular solid stat e r e f e r e nc e mat e rials chosen will d e pend on th e op e rating 
e nvironm e nt of th e se n s or and in particular th e titration t e mp e ratur e Toit. The solid stat e 
e l e ctrolyt e comprising an oxyg e n anion conductor is suitably formed from a mat e rial that 
e xhibits oxyg e n anion conduction at t e mp e ratur e s abov e 30Q°C. Suitable oxygen anion 
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conductors include gadolinium doped ceria and yttria stabilised zirconia. Pr e f e rr e d mat e rialo 
for us e as th e solid state oxygon anion conductor includ e 8% molar yttria stabilis e d zirconia 
(YSZ), which is comm e rcially available. 

A radiative hoator may bo used to control th e t e mp e ratur e of th o coll. Such h e at e rs includ e 
h e ating filam e nts, wound around th e soUd stat e electrolyte. An oloctric light bulb can also b e 
nocoupl e may b e us e d to monitor th e t e mp e ratur e of tho cell. 



Curr e nts of b e twe e n lOOnA and lOOpA may b e us e d for driving oxyg e n anions betw ee n th e 
r e f e renc e and m e asur e m e nt elootrodos. Currents outsid e this rang e can b e us e d, d e p e nding 
upon th e oiroumotano e s. Th e magnitud e of th e curr e nt us e d to driv e tho oxygon onions 

e l e ctrod e and th e amount of cracked hydrocarbon d e posit e d at th e surfac e th e r e of Larg e r 
ourrcmts will gen e rally b e r e quir e d for e l e ctrodes having a great e r surfac e aroa or a larg e 
amount of crack e d hydrocarbon d e posit e d on th e surfaoo thereof The sonsor is pr e f e rably 
us e d in conjunction with a d e vic e for m e asuring th e pot e ntial produc e d across tho ooll. 

Li us e . th e s e nsor continuously cycl e s betw ee n an adsorption mod e and on oxygon titration 



In th e adsorption mode, the s e nsor is h e ld at a constant tomporatur e , Ta d s, which is b e low th e 
critical t e mp e ratur e , Te, for oxyg e n anion conduction within the solid stat e e l e ctrolyte. Th e Te 
for YSZ, for oxompl e . is in tho rango 300°C. Ta d s and tho o 
chosen suoh that th e catalytic proportios of tho sensing el e ctrod e , at Ta dsr" 
organic mat e rial to d e hydrog e nat e /orack l e ading to th e build up of carbonac e ous deposits on 
th e surfac e . For a platinum el e ctrod e , for exampl e . Ta d s is in th e rang e 20 to 80°C. hi th e id e al 
cas e compl e t e de hydrog e nation/cracking will occur l e aving a surfaco layor of adsorb e d 



Th e s e nsor is h e ld at tomporatur e , T g^s , for a tim e , ta d s, during which adsorption of th e organic 
contaminants occurs. Th e length of tim e , t ad s, is suitably betw ee n 10 and 105 seconds and is 
pr e f e rably of th e ord e r of 102 103 s e conds. Greater s e nsitiviti e s can b e achi e v e d using long e r 
adsorption timos. It is, however, d e sirable that saturation of th e m e asur e ment e l e ctrod e during 
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tho adsorption phas e is avoid e d as this will chang e the stiolcing/r e aotion probability of th e 
surfac e , typically surfac e cov e rag e s of ^ 0.5 monolay e rs ar e d e sirabl e . In th e e v e nt that 
saturation of th e e l e ctrod e occurs this can bo ov e rcom e by burning the carbonac e ous d e posit 
off of th e surfac e of the m e asur e m e nt e lectrode and r e adsorbing for a short e r p e riod of tim e . 

In th e e v e nt that incompl e t e cracking of tho hydrocarbon contaminant occurs during th e 
adsorption phas e , complet e cracking can bo achiev e d by raising th e t e mperatur e of th e sensor 
to a t e mp e ratur e int e rm e diat e that of the adsorption temp e ratur e . T ads , and th e titration 
t e mp e ratur e , T ti t, and optionally applying a pot e ntial Vt across th e s e nsor, und e r which 
conditions complet e cracking of th e adsorb e d hydrocarbon occixrs. In som e applications, 
may be z e ro. Th e s e nsor is held at th e int e rmediat e t e mp e rature for a p e riod of tim e sufiSoi e nt 
to allow oomploto conversion of any unoraolcod hydrocarbon contaminant to a carbonac e ous 
depo s it on th e siu-fac e of th e m e asurem e nt e l e ctrod e . 

In th e oxyg e n titration mod e , th e s e nsor t e mp e ratur e is rapidly rais e d from eith e r th e 
adsorption t e mperatur e , T ads , or the interm e diate t e mp e ratur e to a fix e d absolut e t e mperatur e , 
which is abov e T e - During this t e mp e ratur e ramp de hydrog e nat e d organic material will 
r e main on th e surfac e . Onc e at T tUT-a-sm all curr e nt 1^ is forced to paoo through th e 
olootroohomioal cell, pumping oxyg e n to th e s e nsing e l e ctrod e surface, as p e r e quation 9. 
Curr e nts of the ord e r of 100 nanoamps to 100 micro amps are suitably us e d. T he oxyg e n 
progr e ssiv e ly combusts th e carbonaceous r e sidue on th e sensing eloctrodo in aooordanoo with 
equation 10. 



2Q^ ) — 30(^-Me- Equation 9 

G(ads)-^^(ads) > CO;, Equation 10 

Th e potential of the oenoing el e ctrode, rolative to th e r e f e r e nc e e l e ctrod e , will tend to th e 
e quihbrium th e rmodynamic valu e pr e dict e d by th e N e mst equation 3, as the titration r e action 
proc ee ds. When th e e quilibrium th e rmodynamic voltag e V e is reached tho oxygen titration 
r e action is complot e . Th e total amount of charg e that has flow e d through tho coll during th e 
titration r e action is dir e ctly proportional to th e amount of oxyg e n r e acted. For tho id e al cas e 
th e amoimt of carbon accumulated during th e adsorption phase will bo 1/ 4 of the total charg e . 
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as p e r e quations 9 and 10. The amount of carbon oon b e d e tormined from the tim e tolc e n in tho 
adsorption phase and tho surfaoo area of th o - sensing e l e ctrod e . 

W e t pot e ntiom e tric titration procedur e s and cyclic voltanunotry are frequ e ntly us e d to monitor 
th e lev e ls of Icnown contaminant spoci e a in solution i j. All of th e se proc e sses talc e plac e in th e 
liquid phas e and us e r e v e rsible e l e ctrod e processes, mostly using wat e r as th e major 
constitu e nt of th e solv e nt and use e l e ctrons to directly e ff e ct oxidation/reduction. Gas phas e 
e l e ctrochemistry is confin e d to the ar e as of e l e ctroch e mical o e nooro, both potentiometric and 
amp e rom e tric, and solid oxido fiiol ooUb noithor of which us e any land of titration r e action. 

It will th e r e for e be appr e ciat e d that, in contrast to th e wet titramotrio proc e dures of tho prior 
art, th e s e nsor faoihtat e s th e titram e tric d e t e rmination of trace organic contaminants in th e 
gas e ous phas e using a solid stato electrolyt e . 

Although the sensor can bo usod with just two e l e ctrod e s (tho ref e rence and m e asur e m e nt 
e l e ctrode) only, it is pr e f e rred to use an olootrodo arrangement compriGing a counter e l e cfrod e 
in addition to th e m e asur e m e nt and r e f e r e nc e e l e ctrodes as d e scribed above. Tho counter 
e l e ctrode is position e d adjacent to th e r e f e r e nce el e ctrode and in contact with th e sam e 
r e f e r e nc e e nvironm e nt as tho r e f e r e nc e electrod e . In this pr e f e rr e d e mbodim e nt, th e curr e nt - Ip 
flows b e tw e en th e count e r e l e ctrod e and th e m e asur e m e nt e l e ctrod e . Th e ref e r e nce elecfrod e 
th e r e for e provid e s a constant r e f e r e nc e e nvironm e nt from which th e e l e ofrooh e mical 
potentials of both tho measur e ment and count e r e l e ofrod e s and th e r e fore tho pot e ntial 
diff e r e nc e across th e c e ll can bo dotorminod. Tho counter el e cfrode is pr e ferably form e d from 
a mat e rial, such as platinum, which catalys e s th e dissociation of oxygen. 

Th e dim e nsions of th e top and bottom surfac e s of th e s e nsor ar e typically of tho order of a f e w 
squar e o e ntim e fr e s or l e ss. Th e e l e ctrodes form e d or d e posit e d on e ach of th e surfac e s ar e 
th e r e fore dim e nsion e d accordingly. Th e s e nsing and ooimt e r e l e ofrodes ar e e ach t^^pically of 
tho order of 1 cm ^ . Tho r e f e r e nc e e l e ctrode is usually of a l esse r dim e nsion. Th e e l e ctrodes ar e 
typically from about 0.1 to about 50um in thickn e ss. 



It will b e appr e ciated that the s e nsor can bo us e d to monitor th e l e v e ls of trac e organic 
contaminants in proc e ss environm e nts, and so a s e cond asp e ct of th e inv e ntion provides th e 
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uso of a s e nsor as afor e m e ntion e d to monitor lov e lo of trac e organic contaminants in process 
onvironmonts. " 

Please amend pages 15-16 as follows: 

"A reference electrode 16 is formed on the opposite surface of the electrolyte 12 to the 
measurement electrode 10 using similar techniques to those described above for measurement 
electrode 10. In the preferred embodiment, the reference electrode 16 is formed from 
platinum. Alternatively, the reference electrode 16 may be formed from any other material 
that is able to catalyse the dissociation of oxygen to oxygen anions. In use, the reference 
electrode 16 is placed in contact with a reference environment 18, which, in this embodiment, 
is a gaseous source of oxygen at constant pressure such as atmospheric air. Typically 
atmospheric air is used as a gaseous reference source of oxygen althoueh other gas 
compositions can be used. The electrodes 10,16 and the electrolyte 12 together form an 
electrochemical cell 4413." 

Please amend page 16 by inserting the following text on line 9 as follows: 

" A radiative heater may be used to control the temperature of the cell. Such heaters 

include heating filaments, wound around the solid state electrolyte. An electric light bulb can 
also be used. A thermocouple may be used to monitor the temperature of the cell. " 

Please amend page 16 line 10 as follows: 

"The sensor of Fig. 1 is provided with a heater and thermocouple. . ." 

Please amend page 16 by inserting the following text on line 22 as follows: 
"Currents of between lOOnA and lOOpA may be used for driving oxygen anions 
between the reference and measurement electrodes. Currents outside this range can be used. 

depending upon the circumstances. The magnitude of the current used to drive the oxygen 
anions between the reference and measurement electrodes depends upon the surface area of 
the electrode and the amount of cracked hydrocarbon deposited at the surface thereof Larger 
currents will generally be required for electrodes having a greater surface area or a large 
amount of cracked hydrocarbon deposited on the surface thereof The sensor is preferably 
used in conjunction with a device for measuring the potential produced across the cell. 
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In use, the sensor continuously cycles between an adsorption mode and an oxygen titration 
mode: 

In the adsorption mode, the sensor is held at a constant temperature, which is below the 
critical temperature, Tc. for oxygen anion conduction within the solid state electrolyte. The Tg 
for YSZ. for example, is in the range 3Q0°C. and the sensing electrode material are 
chosen such that the catalytic properties of the sensing electrode, at Ta H g, cause adsorbed 
organic material to de-hydro genate/crack leading to the build up of carbonaceous deposits on 
the surface. For a platinum electrode, for example, is in the range 20 to 80°C. In the ideal 
case complete de-hydro genation/cracking will occur leaving a surface layer of adsorbed 
carbon. 

The sensor is held at temperature. T^. for a time. Ua^. during which adsorption of the organic 
contaminants occurs. The length of time. tg H c. is suitably between 10 and 105 seconds and is 
preferably of the order of 102-103 seconds. Greater sensitiyities can be achieyed using longer 
adsorption times. It is. however, desirable that saturation of the measurement electrode during 
the adsorption phase is avoided as this will change the sticking/reaction probability of the 
surface, typically surface coverages of < 0.5 monolayers are desirable. In the event that 
saturation of the electrode occurs this can be overcome by burning the carbonaceous deposit 
ofiFof the surface of the measurement electrode and re- adsorbing for a shorter period of time. 

In the event that incomplete cracking of the hydrocarbon contaminant occurs during the 
adsorption phase, complete cracking can be achieved by raising the temperature of the sensor 
to a temperature intermediate that of the adsorption temperature. T^^. and the titration 
temperature. Tnt. and optionally applying a potential Vi across the sensor, under which 
conditions complete cracking of the adsorbed hydrocarbon occurs. In some appUcations. Vi 
may be zero. The sensor is held at the intemiediate temperature for a period of time sufficient 
to allow complete conversion of any uncracked hydrocarbon contaminant to a carbonaceous 
deposit on the surface of the measurement electrode. " 

Please amend page 16 lines 23-25 as follows: 

"In use^ the sensor of Fig. 1 is cycled between an adsorption phase and a titration 
phase. In the adsorption phase, the measurement electrode 10 is exposed to an environment to 
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be monitored, including any organic contaminants. The -As discussed above, the sensor is held 
at a temperatiu-e Tads for a time tads during which. . ." 

Please amend page 17 by inserting the following text on line 5 as follows: 
" In the oxygen titration mode, the sensor temperature is rapidly raised from either the 
adsorption temperature. or the intermediate temperature to a fixed absolute temperature, 
Tn t, which is above T n . During this temperature ramp de-hydro genated organic material will 
remain on the surface. Once at Tm. a small current Ip is forced to pass through the 
electrochemical cell, pumping oxygen to the sensing electrode surface, as per equation 7. 
Currents of the order of 100 nanoamps to 100 micro-amps are suitably used. The oxygen 
progressively combusts the carbonaceous residue on the sensing electrode in accordance with 
equation 8. 



The potential of the sensing electrode, relative to the reference electrode, will tend to the 
equilibrium thermodynamic value predicted by the Nemst equation 3. as the titration reaction 
proceeds. When the equilibrium thermodynamic voltage Vn is reached the oxygen titration 
reaction is complete. The total amoimt of charge that has flowed through the cell during the 
titration reaction is directly proportional to the amoimt of oxygen reacted. For the ideal case 
the amount of carbon accumulated during the adsorption phase will be 1/4 of the total charge, 
as per equations 7 and 8. The amount of carbon can be determined from the time taken in the 
adsorption phase and the surface area of the sensing electrode. 

The total amount of carbonaceous deposit formed at the surface of the measurement elecfrode 

can be determined by measuring the total amount of oxygen transported to the measurement 
electrode by the application of current (which is required to oxidise all of the carbonaceous 
deposits) over the time t, , taken for the potential difference across the cell to retum from Vtit to 
Vn . Since the transport of each oxygen anion to the surface of the measurement electrode 
requires the passage of two units of charge, the total quantity of oxygen atoms transported to 
the surface of the electrode is determined by the term: 



2& 



»2- 



20£adsi±4e: 



Cfeds)jL2Q^_^__C02 



Equation 7 
Equation 8 
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Equation 9 



Since each atom of carbon deposited at the surface of the electrode requires two oxygen atoms 
for complete combustion, the total amount of carbon atoms oxidised during the titration phase 
and hence deposited at the electrode during the adsorption phase is: 



Please further amend page 17 by inserting the following text beginning on line 8 as 
follows: 

"During the titration phase the potential difference across the cell is monitored, 
together with the time taken for the potential difference to reach a constant value, Vo, 
characterised by the current Ip. In the absence of organic contaminants, at temperature Ttit and 
constant electrical current Ii.. the potential difference across the cell. Vn. is constant and is 
determined by the equilibrium between the flux of oxygen anions (O^") arriving at the 
electrode surface and the rate of desorption of oxygen gas (0-,<^<) from the electrode surface 
according to equations 1 and 2 above- 
However, when carbonaceous deposits are present on the electrode surface they are oxidised 
("combusted) to carbon dioxide by the flux of oxygen anions arriving at the electrode surface. 
This has the effect of reducing the equilibrium concentration of oxygen anions (O^") at the 
surface, which means that, in accordance with equation 3 above, the potential across the cell. 
Vh^. is increased relative to Vn. When the current Ip is applied to the cell, oxygen anions are 
forced to flow from the reference electrode to the measurement electrode where they react 
with the carbonaceous deposits formed at the surface thereof during the adsorption phase, 
which results in the formation of carbon dioxide. As the carbonaceous deposits are 
transformed into carbon dioxide their concentration progressively decreases to zero at the 
surface of the measurement electrode and the concentration of oxygen at the surface of the 
measurement electrode will increase to the constant equilibrium value determined by the flux 
of oxygen anions to the electrode. The potential difference across the cell then returns to the 
constant value. V n . and provides an indication that all the carbonaceous deposits on the 
surface of the electrodes have been removed. 
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The establishment of this constant potential indicates that sufficient oxygen has passed 
between the reference and measurement electrodes to cause complete oxidation of all of the 
carbonaceous deposits present at the surface of the measurement electrode 10 and therefore 
that the end point of the oxidative titration has been reached." 

Please further amend page 17 by inserting the following text on line 21 as follows: 
" It will be appreciated that by controlling the time over which adsorption of the 
organic contaminants can occur on the svu'face of the measurement electrode, the value of the 
current Ip flowing between the reference and measm-ement electrodes at temperature Ttif and 
the time tj, taken for the potential difference across the cell to drop fi-om to Vn. it is 
possible to titrametricallv monitor the levels of organic contaminants in the process 
environment in the parts per trillion (ppf) range or less. The sensor therefore provides a low 
cost alternative to the use of mass spectrometry and gas chromatographv in the determination 
of low levels of organic impurities in process environments. 

Although the sensor can be used with just two electrodes (the reference and measurement 
electrode) only, it is preferred to use an electrode arrangement comprising a counter electrode 
in addition to the measurement and reference electrodes as described above. The counter 
electrode is positioned adjacent to the reference electrode and in contact with the same 
reference environment as the reference electrode. In this preferred embodiment, the current Ip 
flows between the counter electrode and the measurement electrode. The reference electrode 
therefore provides a constant reference environment from which the electrochemical 
potentials of both the measurement and counter electrodes and therefore the potential 
difference across the cell can be determined. The counter electrode is preferably formed from 
a material, such as platinum, which catalyses the dissociation of oxygen. " 

Please amend page 18 by inserting the following text on line 3 as follows: 
" Sensing, reference and optionally counter electrodes can be applied to a thimble of an 
oxygen anion conductor solid state electrolyte such as ytttria stabilised zirconia either in the 
form of an ink or a paint or using techniques such as sputtering. The sensing electrode is 
isolated from the reference and optional counter electrode via the formation of a gas tight seal. 
The sensor is suitably supplied with heater means to control the temperature of the electrolyte 
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and means to monitor the voltage between the sensing electrode and the reference and counter 
electrodes respectively. 

The sensor is also easy to use and can be used at the point of use as well as the point of entry 
to provide accurate information about the process environments at all stages of the 
semiconductor fabrication process. The sensor is easily and readily manufactured using 
techniques known to a person skilled in the art. 

The total level of contaminants measured by the sensor can provide a semi- quantitative 
indication of the level of harmful organic contaminants present in the process environment. 
The non-contaminating light organic molecules present in the process environment do not 
stick to the surface of the measurement electrode and are not therefore measured. It is only the 
harmful organic contaminants, which have a high reaction probability with the electrode 
surface Tand therefore with other surfaces encoimtered in the fabrication process) that imdergo 
dissociation and are therefore subsequently oxidised at the measurement electrode surface that 
are detected and therefore monitored by the measurement electrode. 

Careful choice of the material applied to the measurement electrode or the material from 
which it is formed will cause some of the harmful organic contaminants to adsorb onto the 
surface of the measurement electrode in preference to others. Preferably the measurement 
electrode is formed from material whose uptake of organic material proceeds with a sticking 
probability of or about unity. In addition, the organic material is preferably efScientlv 
adsorbed and cracked by the electrode material. Furthermore, the measurement electrode is 
suitably able to catalyse the dehydrogenation and cracking of organic contaminants. 

Solid-state sources of oxygen typically comprise of a metal/metal oxide couple such as 
CU/CU7O and Pd/PdO or a metal oxide/metal oxide couple such as Cu 2 0/CuO. The particular 
solid-state reference materials chosen will depend on the operating environment of the sensor 
and in particular the titration temperature T ti t. The solid state electrolyte comprising an oxygen 
anion conductor is suitably formed from a material that exhibits oxygen anion conduction at 
temperatures above 300°C. 
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The dimensions of the top and bottom surfaces of the sensor are typically of the order of a few 
square centimetres or less. The electrodes formed or deposited on each of the surfaces are 
therefore dimensioned accordingly. The sensing and counter electrodes are each typically of 
the order of 1 cm'^. The reference electrode is usually of a lesser dimension. The electrodes are 
typically from about 0.1 to about 50um in thickness. 

It will be appreciated that the sensor can be used to monitor the leyels of trace organic 
contaminants in process environments, and so a second aspect of the inyention provides the 
use of a sensor as aforementioned to monitor levels of trace organic contaminants in process 
environments. " 
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